Abstract. The development of the RANT3D code has permitted the systematic study of the effect of three-dimensional structures on the launched power spectrum for antennas in the ion cyclotron range of frequencies. The code allows the septa between current straps to be modeled with arbitrary heights and permits the antenna to interact with other structures in the tokamak. In this paper we present comparisons of calculated loading with the Tokamak Fusion Test Reactor and Tore Supra experiments, demonstrate the effects on loading caused by positioning uncertainties for an antenna in Tore Supra, and show electric field patterns near the Tore Supra antenna. A poloidal component in the static magnetic field for the plasma response is included in the near-field calculations using the warm plasma code, GLOSI. Preliminary estimates for the heat flux on the bumper limiters during typical operation in Tore Supra are also presented.
INTRODUCTION
The RANT3D' code solves Maxwell's equations in vacuum for an arbitrary number of connected waveguide sections. Perfectly conducting boundary conditions at the walls of the waveguides are satisfied by the basis sets that are used in a Fourier expansion for the fields. Source terms are introduced by specifying the currents on current straps within these waveguides. A large, dense matrix results from equating the tangential electric and magnetic fields at the interface between each of the waveguide sections. The plasma is introduced as a boundary condition by using a generalized impedance matrix2. Two codes are used to generate the impedance matrices for the work presented here; both retaining the poloidal and toroidal polarizations for the fields. The first code, PLASMAIM?, is computationally expedient and considers a cold plasma with outgoing boundary conditions near the location of the peak in the density profile. The second code, GLOSI?, introduces warm plasma and a sheared poloidal component for the static magnetic field. The loading for the fast wave is nearly the same using either code. However, the near-field patterns for the parallel component of the electric field can be significantly different when a poloidal component is added to the static magnetic field.
LOADING RESULTS

R4NT3D
loading results agree with experimental measurements of the Tokamak Fusion Test Reactor (TFI'R) Bay-M anttnna using density profiles measured by reflectometry in a cold plasma calculation . Similar agreement has been found in Tore Supra as shown in Fig.1 . This shot is of interest because a loading imbalance was observed between the two straps. Such an imbalance is not expected for a perfectly aligned antenna with dipole phasing. The results in Fig. 1 show the range of loading that can be expected because of a 5-mm difference in spacing between the plasma and the left-and right-hand current straps for dipole phasing. The average value of the calculated loading is in reasonable amement with the measuremGnts. The range caused by the mishgnment is significk
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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. enough to completely account for the imbalance. The uncertainty in the phasing of the current straps is -20°, but again this uncertainty alone can o n l y p a r t i a l l y a c c o u n t f o r t h e imbalance. Uncertainty in the measured capacitor settings also results in errors for the loading measurements. It is likely that a combination of these effects is responsible for the imbalance observed in this shot.
NEAR-J?IELD RESULTS
The heat flux on the outside of the frame is important in the Tore Supra experiments. A radio-frequency (RF) rectification model5 for the heat flux requires a complete understanding of the RF fields and plasma currents in the vicinity of the bumper limiters as well as the connection of static magnetic field lines to other parts of the tokamak. The RANT3D model presented here does not provide a complete understanding but can provide some insight into the problem. Four phenomena that are notably absent from the model are: 1) The bumpers are actually immersed in plasma rather than vacuum, and the fields may be high enough to cause the RF sheath to arc. Arcing at the sheath would substantially lower the parallel field by allowing a current to flow. 2) Helmholtz's theorem has not been used to separate the electric fields into longitudinal (curl free) and transverse (divergence free) components. The plasma may only be able to rectify the longitudinal component.
3) The Faraday screen model in W 3 D reduces the radial component of the electric field between the current straps and the plasma that is caused by charge on the current straps, but does not locally short the parallel electric field. The plasma surface itself carries currents that reduce this parallel field, however, these plasma currents may be carried into the bumper region affecting the fields at the bumper. 4) Damping caused by electron-neutral collisions. A thorough study of the numerical resolution in W T 3 D is also needed.
In the RANT3D model, the assumption that the bumper is in vacuum causes an equivalent voltage = E d that is too large to be physically reasonable; however, if we assume that the electric field at the plasma surface is comparable to that at a bumper limiter with plasma 1 mm away, then more reasonable results are obtained. Based on this assumption, two methods for estimating the heat flux from the RANT3D results are presented below. In bo\$ cyes, the density at the bumper is taken from the reflectometer data to be 3 x 10 m-and the electron temperature is assumed to be 30 eV yielding an incident deuterium flux at the bumper of csni E 10 s-m where c, is the ion sound speed.
In Fig. 2 , the toroidal component of the RF electric field at the plasma surface is shown in real space. A poloidal component is added to the static magnetic field such that the angle of the field line relative to the current strap is 6'. The plasma parameters are taken from the Tore Supra data used in Fig. 1 at t = 5.0 s. The fast wave loading was reduced by 15% when the magnetic field angle was introduced. Also, the introduction of an angle for the magnetic field significantly changes the pattern of the toroidal component of the electric field.
Assuming that only the longitudinal component of the field is rectified and that the toroidal component of E is the dominant longitudinal component, then Fig. 2 gives an estimate for IE-dl E 100 V for 2 MW of RF power with dipole phasing. A floating potential of -50 to 6 6 0 V has been measured with Langmuir probes near the antenna for dipole phasing . The case with monopole phasing shows stronger fields near the bottom comers of the antenna than at the midplane such that IE-dl z 400 V near the midplane and -600 V near the corners. The amplitude of the electric field at the bumper limiter is comparable for both the monopole and dipole phasing, but the scale length is much longer in the monopole case. Combined w i t h l p particle flux esjimate above, these fields give -100 V x 10 s m x 1.6 x 10-J/eV G 1.6 MW/m at the leading edge of the bumper limiter in Tore Supra for dipole operation. An experimentally measured heat flux comparable with this number has been reforted by Beaumont . The same estimate for monopole phasing yields 6 MW/m on the midplane and 10 MW/m2 near the comers. phasing. This field component is primarily caused by charge. An alternative estimate of the heat flux can be obtained from Fig. 3, which shows the modulus of the parallel electric field accounting for the angle between the static magnetic field and the frame. If the parallel field in Fig. 3 is integrated out to the location where the phase changes by -n/2, then IE-dl G 400 V for dipole phasing, whereas the monopole phasing yields jE.dl z 400 V near the midplane and -lo00 V near the comers. Such high values for the rectified voltage would not permit F S operation even for dipole phasing which is inconsistent with experimental observations.
Although several assumptions have been made to calculate the rectified voltage, the model seems to provide some connection with realistic experience in Tore Supra. The experiment shows that monopole phasing yields a significantly higher heat flwc than dipole phasing at the same RF power. The model also shows a lewright asymmetry in the parallel electric fields caused by a combination of the poloidal component in the static magnetic field and the poloidal asymmetry in the plasma response caused by density gradients. 
SUMMARY
The RANT3D code has reproduced loading results for several experiments in which good density profile data are available from reflectometry including TFTR and Tore Supra. The code has been used to study the effects of misalignment of the antenna with field lines in Tore Supra. Preliminary results from near-field calculations indicate that the heat flux caused by RF rectificatjon on the outside of the bumper limiters in Tore Supra is on the order of 2 MW/m for diqole phasing. The heat flux for monopole phasing may as much as 10 W / m near the bottom corners of the antenna and -6 MW/m averaged over the limiter. These estimates for the heat flux assume that the electric fields at the bumpers are comparable with the electric fields on the plasma surface 1 mm away from the bumpers because plasma is not permitted to exist directly on the bumpers in the RANT3D model. A
